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Monday September 28 2026

Question 1.

In the first week of class, we discussed the Equivalence Principle. One version of this principle was
that the laws of physics reduce to those of Special Relativity, in a small enough region of spacetime.
We now have the technology to make this statement rigorous.

Since Special Relativity is characterized by the Minkowski metric ηµν , the Equivalence Principle
implies that we can always find a coordinate transformation x→ x′(x) such that the metric and its
first derivatives at a given point p in the primed frame are

g′µν(p) = ηµν and ∂αg
′
µν(p) = 0. (1)

If the above is true, then the x′ coordinates are called Local Inertial Coordinates, and they charac-
terized a local inertial frame. Note that in general it not possible to set the second derivative of the
metric to zero at p.

(a) To set the metric to Minkowski form, we only have access to the Jacobian of the x → x′(x)
transformation. By counting the number of independent elements in gµν and in the Jacobian
∂xα/∂x′µ, argue that there is enough freedom to set g′µν = ηµν . To set ∂αg′µν(p) = 0, we
can use the freedom of the second derivative of the coordinate transformation ∂2xα/∂′µx ∂x′ν .
Argue that there is enough freedom in this tensor to set all the first derivatives of the metric
to zero.

(b) Show that the Riemann tensor take the simple form

Rαβµν =
1

2
(∂β∂µgαν + ∂α∂νgβµ − ∂β∂νgαµ − ∂α∂µgβν) (2)

in local inertial coordinates.

1


